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(57) ABSTRACT 

A biosensor measuring an analyte contained in a sample is 
provided, including: an insulative lower Substrate that has at 
least one electrode on which an enzyme reaction layer react 
ing with the analyte is formed; an upper Substrate that faces 
the lower Substrate and is made of a conductive material; and 
an adhesive layer that has a sample feed with a predetermined 
height on the enzyme reaction layer and attaches the upper 
and lower substrates to each other, where an end of the upper 
Substrate acts as an electrode in which an electron-transfer 
mediator contained in the enzyme reaction layer is oxidized 
or reduced, and the other end acts as an electrical contact part 
that electrically contacts a measurement unit. 

12 Claims, 7 Drawing Sheets 
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BOSENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a biosensor and, more 
particularly, to a biosensor that electrochemically detects an 
analyte contained in a bio-sample. 

2. Discussion of the Background 
It is important in clinical diagnosis that an analyte con 

tained in a bio-sample should be analyzed in a quantitative or 
qualitative manner. For example, a blood glucose level is 
measured from a blood sample of a patient Suffering from 
diabetes, or a cholesterol level is measured to check adult 
diseases. Patients suffering from diabetes should measure 
their blood glucose levels at regular intervals. A number of 
companies have been releasing products for blood glucose 
measurement into markets. 

In general, most of the products for blood glucose mea 
surement measure blood glucose levels of blood extracted 
from patients using biosensors. However, since it causes pain 
to a patient to extract blood from the patient, a minimum 
amount of blood should be extracted from the patient so that 
the patient feels the pain less. 

According to U.S. Pat. Nos. 6,156,173, 6,616,819 and 
5,437.999, it is configured such that electrodes face each 
other to extract a minimum amount of blood required for 
measurement. In a conventional biosensor, working elec 
trode, reference electrode and/or counter electrode are 
formed on a single substrate. In the above-mentioned U.S. 
Patents, however, the electrodes are formed on upper and 
lower Substrates to face each other, thus minimizing the 
amount of blood required for measurement. 

However, in the above-mentioned U.S. Patents, additional 
electrodes should be formed on the upper and lower sub 
strates made of insulating material so that the electrodes can 
face each other. In addition, the electrodes formed on the 
upper and lower substrates should be made of conductive 
material to be connected to each other. As a result, there is a 
problem in that the fabrication process becomes complicated 
and the production cost increases relative to the conventional 
method in which the electrodes are formed on a single sub 
Strate. 

SUMMARY OF THE INVENTION 

The present invention provides a biosensor that uses a least 
amount of blood and is manufactured by a simplified manu 
facture process. 

Additional features of the invention will be set forth in the 
description which follows, and in part will be apparent from 
the description, or may be learned by practice of the inven 
tion. 

The present invention discloses a biosensor measuring an 
analyte contained in a sample, including: an insulative lower 
Substrate that has at least one electrode on which an enzyme 
reaction layer reacting with the analyte is formed; an upper 
substrate that faces the lower substrate and is made of a 
conductive material; and an adhesive layer that has a sample 
feed with a predetermined height on the enzyme reaction 
layer and attaches the upper and lower Substrates to each 
other, where an end of the upper Substrate acts as an electrode 
in which an electron-transfer mediator contained in the 
enzyme reaction layer is oxidized or reduced, and the other 
end acts as an electrical contact part that electrically contacts 
a measurement unit. 
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2 
The one end of the upper Substrate acting as an electrode 

may face the electrode formed on the lower substrate. 
The present invention also discloses a biosensor measuring 

an analyte contained in a sample, including: an insulative 
lower substrate that has at least one electrode on which an 
enzyme reaction layer reacting with the analyte is formed; an 
upper substrate that faces the lower substrate and is made of 
a conductive material; and an adhesive layer that has a sample 
feed with a predetermined height on the enzyme reaction 
layer and attaches the upper and lower Substrates to each 
other, where an electrode is formed on a lower side of an end 
of the upper substrate in which an electron-transfer mediator 
contained in the enzyme reaction layer is oxidized or reduced, 
and the other end acts as an electrical contact part that elec 
trically contacts a measurement unit. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this specification, illustrate 
embodiments of the invention, and together with the descrip 
tion serve to explain the principles of the invention. 

FIG. 1A shows a plan view of an upper substrate of a 
biosensor according to an exemplary embodiment of the 
present invention. 

FIG. 1B shows a plan view of an adhesive layer of a 
biosensor according to an exemplary embodiment of the 
present invention. 

FIG. 1C shows a plan view of a lower substrate of a bio 
sensor according to an exemplary embodiment of the present 
invention. 

FIG. 2 shows a plan view of a biosensor according to an 
exemplary embodiment of the present invention. 

FIG.3 shows an exploded perspective view of a biosensor 
according to an exemplary embodiment of the present inven 
tion. 

FIG. 4 shows a cross-sectional view of a biosensor accord 
ing to an exemplary embodiment of the present invention. 

FIG. 5 shows a cross-sectional view of a biosensor as seen 
from A direction in FIG. 4. 

FIGS. 6A and 6B show cross-sectional views of upper 
Substrates of biosensors according to exemplary embodi 
ments of the present invention. 

FIGS. 7A and 7B show perspective views of biosensors 
with upper Substrates according to exemplary embodiments 
of the present invention. 
FIG.8 shows a graph of a correlation between the concen 

tration of blood glucose and a signal when the blood glucose 
is measured using a biosensor according to an exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

The invention is described more fully hereinafter with ref 
erence to the accompanying drawings, in which exemplary 
embodiments of the invention are shown. This invention may, 
however, be embodied in many differentforms and should not 
be construed as limited to the embodiments set forth herein. 
Rather, these embodiments are provided so that this disclo 
sure is thorough, and will fully convey the scope of the inven 
tion to those skilled in the art. In the drawings, the size and 
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relative sizes of layers and regions may be exaggerated for 
clarity. Like reference numerals in the drawings denote like 
elements. 

It will be understood that when an element or layer is 
referred to as being “on” or “connected to another elementor 
layer, it can be directly on or directly connected to the other 
element or layer, or intervening elements or layers may be 
present. In contrast, when an element is referred to as being 
“directly on' or “directly connected to another element or 
layer, there are no intervening elements or layers present. 

Unlike the above-mentioned conventional methods in 
which an upper Substrate is made of an insulating material and 
an additional electrode is formed on the upper substrate, the 
present invention features that since the upper Substrate is 
made of a conductive material and is used as an electrode, no 
additional electrode is needed and the fabrication process is 
simple. That is, the upper Substrate is made of a conductive 
material such that an electron-transfer mediator generated by 
reacting with an analyte contained in a sample is easily oxi 
dized or reduced. 

In general, a biosensor is a device for the detection of an 
analyte that combines a biological component with a physi 
cochemical detector component. It includes a working elec 
trode, and a reference electrode and/or a counter electrode. 
For example, an electrochemical sensor makes a measure 
ment using oxidoreductase and electron-transfer mediator 
according to the following reaction formula. 

Reaction Formula 
analyte--enzyme (oxidized)+electron-transfer media 

tor (oxidized)->resultant Substance+enzyme 
(oxidized)+electron-transfer mediator (reduced) 

In the above-mentioned reaction formula, the reduced elec 
tron-transfer mediator is proportional to the concentration of 
an analyte contained in a sample. In this case, the reduced 
electron-transfer mediator is oxidized by applying a prede 
termined Voltage to a working electrode with respect to a 
reference or counter electrode. At this time, by measuring the 
amount of oxidation current, it is possible to make a quanti 
tative analysis of the analyte contained in the sample. 

Examples of the enzyme include oxidoreductase, such as 
glucose oxidase, lactate oxidase, cholesterol oxidase, or alco 
hol oxidase, transferase, Such as glutamate oxaloacetate tran 
saminase (GOT) or glutamate pyruvate transaminase (GPT), 
or hydrolase. 

Examples of the electron-transfer mediator include potas 
sium ferricyanide, potassium ferrocyanide, hexaamineruthe 
nium chloride, ferrocene and its derivatives, or quinine and its 
derivatives. 
The material which makes up the working electrode is 

composed of carbon, graphite, platinum-plated carbon, sil 
ver, gold, palladium, or platinum. For example, ink composed 
of carbon or platinum-plated carbon, or ink containing palla 
dium may be used to print the working electrode on a lower 
substrate. The working electrode may beformed on the lower 
electrode by a vacuum deposition method using gold. 
The biosensor will be described in detail. 
FIG. 1A shows a plan view of an upper substrate of a 

biosensor according to an exemplary embodiment of the 
present invention. 
An air outlet 11 is formed on an upper substrate 10 so that 

a sample can be injected through capillary action. The upper 
substrate 10 is made of conductive material such that an 
oxidized or reduced electron-transfer mediator generated by 
reaction with an analyte contained in the sample is easily 
oxidized or reduced. Accordingly, since the material that 
makes up the upper Substrate is used as an electrode, an 
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4 
additional electrode is not required and the fabrication pro 
cess of the sensor is thus simplified. 

FIG. 1B shows a plan view of an adhesive layer of a 
biosensor according to an exemplary embodiment of the 
present invention. 
The upper substrate 10 and lower substrate 30 are attached 

to each other with an adhesive layer 20, such that a capillary 
is formed by a sample feed 21. The adhesive layer 20 may be 
a double coated tape with a thickness of 10 to 300 Lum. The 
adhesive layer 20 preferably has a thickness of 10 to 150 um 
Such that a least amount of the sample is injected. The sample 
is automatically injected through the sample feed 21 by cap 
illary action, and air existing in the sample feed 21 is dis 
charged through the air outlet 11 of the upper substrate 10. 

FIG. 1C shows a plan view of a lower substrate of a bio 
sensor according to an exemplary embodiment of the present 
invention. 
A lower substrate 30 may be a thin plate made of insulating 

material, such as polyethylene terephthalate (PET), polyvinyl 
chloride (PVC) or polycarbonate. The lower substrate 30 may 
be made of insulating material with a thickness of 50 to 400 
um and, more preferably, with a thickness of 100 to 300 um. 
At least one electrode and at least one connection line are 

formed on the lower substrate 20. Referring to FIG. 1C, a 
working electrode 31 and a working electrode connection line 
32 are formed on the lower substrate 20. The connection line 
32 may be made of the same material as the working electrode 
31 or another material such as a conductive material. The 
lower substrate 30 includes an enzyme reaction layer 33 to 
measure an analyte contained in a sample. The enzyme reac 
tion layer 33 includes an enzyme, an electron-transfer media 
tor reacting with the enzyme, and a polymeric scaffold for 
fixing a buffer solution, an enzyme stabilizer, and other Sub 
stances to the working electrode or lower substrate 30. The 
enzyme reaction layer 33 is applied on the working electrode 
31 to cover the working electrode 31. 

FIG. 2 shows a plan view of a biosensor according to an 
exemplary embodiment of the invention. FIG. 3 shows an 
exploded perspective view of a biosensor according to an 
exemplary embodiment of the invention. 

For example, when blood is injected through the sample 
feed 21, blood glucose contained in the blood is oxidized by 
a glucose oxidase contained in the enzyme reaction layer 33 
and the glucose oxidase is reduced. The electron-transfer 
mediator contained in the enzyme reaction layer 33 is reduced 
while oxidizing the glucose oxidase. The reduced electron 
transfer mediator is electrochemically oxidized again by los 
ing electrons on a surface of the working electrode 31 on 
which a predetermined Voltage is applied. Since the concen 
tration of blood glucose in the blood sample is proportional to 
current generated when the electron-transfer mediator is oxi 
dized, the concentration of blood glucose can be measured by 
measuring the amount of the current through the connection 
line 32. At this time, a left end of the upper substrate acts as a 
reference or counter electrode, while its right end acts as an 
electrical contact part connected to a measurement unit. 

FIG. 4 shows a cross-sectional view of a biosensor accord 
ing to an exemplary embodiment of the invention. FIG. 5 
shows a cross-sectional view of a biosensor as viewed from 
A shown in FIG. 4. 
The working electrode 31 and the working electrode con 

nection line 32 are formed on the insulative lower substrate 
30, and the enzyme reaction layer 33 is fixed on the working 
electrode 31. The lower substrate 30 is coupled with the upper 
substrate 10 by the adhesive layer 20 having the sample feed 
21. The air outlet 11 is formed on the upper substrate 10 made 
of conductive material to discharge air when a sample is 
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injected through the sample feed 21. The upper substrate 10 
preferably has a line resistance of less than 3kS2/mm. At this 
time, an end of the upper substrate 10 acts as an electrode for 
oxidation or reduction, while the other end acts as an electri 
cal contact part. Accordingly, when the enzyme of the enzyme 
reaction layer 33 reacts with an analyte, i.e., blood glucose, 
contained in the sample, oxidation or reduction current that is 
proportional to the concentration of blood glucose is gener 
ated between the working electrode 31 of the lower substrate 
30 and the one end of the upper substrate 10, i.e., electrode 41. 
Accordingly, the concentration of blood glucose can be mea 
Sured by measuring the oxidation or reduction current by a 
measurement unit connected to the electrical contact part 40. 
The upper Substrate may be provided in various shapes. 

FIGS. 6A and 6B show cross-sectional views of an upper 
Substrate of a biosensor according to exemplary embodi 
ments of the invention. 

Referring to FIG. 6A, a lower part of the upper substrate 10 
acts as a reference and/or counter electrode 41 to measure the 
oxidation or reduction current of the electron-transfer media 
tor generated by reacting with the analyte contained in the 
sample, while an upper part on its opposite side acts as an 
electrical contact part 40 electrically connected to a measure 
ment unit (not shown). 

Referring to FIG. 6B, an additional electrode 41a is formed 
by printing or depositing a material different from that of the 
upper substrate on the one end of the upper substrate 10 made 
of a conductive material. The electrode 41a may be used as a 
reference, counter or working electrode. The material that 
makes up the electrode 41a may be the same as that of the 
working electrode 31 formed on the lower substrate 30. 
Examples of the material include carbon, platinum-plated 
carbon, silver, silver chloride, palladium, and gold. The elec 
trode 40 or 41a is defined by the sample feed 21 formed on the 
adhesive layer 20 that fixes the upper and lower substrates to 
each other. 

FIG. 7 shows a perspective view of a biosensor having 
different upper Substrates according to an exemplary embodi 
ment of the invention. 

FIG. 7A shows an air outlet 11a of an upper substrate that 
is shaped in a slitshape. FIG.7B shows an air outlet 11b of an 
upper Substrate that has a protruded shape. The air outlet may 
be shaped differently from the above. 

FIG. 8 shows a graph of a correlation between the concen 
tration of blood glucose and a signal when the blood glucose 
is measured using a biosensor according to an exemplary 
embodiment of the invention. 

In the present embodiment, the upper substrate 10 is 
formed of an aluminum plate with a thickness of 0.2 mm, and 
the lower substrate 30 is formed by having the working elec 
trode 31 printed with a carbon/graphite ink (manufactured by 
Ercon, Inc.) on a PET plate with a thickness of 0.17 mm. The 
adhesive layer 20 is made by applying an adhesive with a 
thickness of 0.01 mm on both sides of a transparent PET with 
a thickness of 0.03 mm. The enzyme reaction layer 33 is 
formed by dissolving 0.5% carboxylmethylcellulose (CMC) 
in a phosphate buffer solution of pH7.3. Potassium ferricya 
nide (K3Fe(CN)6) of 100 mM, an electron-transfer mediator, 
is dissolved in the resultant solution of 100 mL, and glucose 
dehydrogenase (GDH) of 1000U/mL is added and dissolved. 
The adhesive layer is attached to the lower substrate, and the 
prepared solution of 0.001 mL is injected to the sample feed 
21 using a solution dispenser. After drying it in an oven of 35° 
C. for 30 minutes, the upper substrate is fixed to the adhesive 
layer. As a result, a biosensor for blood glucose measurement 
is fabricated. 
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6 
FIG.8 shows a graph of a correlation between the concen 

tration of blood glucose and a signal when the blood glucose 
is measured using a biosensor according to the above-men 
tioned exemplary embodiment of the invention. The graph 
shows that the signal is almost proportional to the concentra 
tion of blood glucose. 
As apparent from the above description, a biosensor is 

provided which uses a least amount of blood by designing 
Such that a working electrode and a reference or counter 
electrode face each other, and is manufactured by a simplified 
manufacture process by using as an upper Substrate an elec 
trode material of the biosensor electrochemically detecting an 
analyte contained in a sample. Accordingly, it is possible to 
fabricate the biosensor at lower production cost. 

It will be apparent to those skilled in the art that various 
modifications and variation can be made in the present inven 
tion without departing from the spirit or scope of the inven 
tion. Thus, it is intended that the present invention cover the 
modifications and variations of this invention provided they 
come within the scope of the appended claims and their 
equivalents. 
What is claimed is: 
1. A biosensor measuring an analyte contained in a sample, 

comprising: 
an insulative lower substrate that has at least one electrode 

on which an enzyme reaction layer reacting with the 
analyte is formed; 

an upper Substrate that faces the lower Substrate and con 
sists of a conductive plate made of a conductive material, 
the upper Substrate having an air outlet; and 

an adhesive layer that has a sample feed with a predeter 
mined height on the enzyme reaction layer and attaches 
the upper and lower substrate to each other, 

wherein the sample is introduced to the enzyme reaction 
layer due to capillary phenomenon, an end of the upper 
Substrate acts as a reference electrode in which an elec 
tron-transfer mediator contained in the enzyme reaction 
layer is oxidized or reduced, and the other end acts as an 
electrical contact part that electrically contacts a mea 
Surement unit. 

2. The biosensor of claim 1, wherein the one end of the 
upper Substrate acting as an electrode faces the electrode 
formed on the lower substrate. 

3. The biosensor of claim 1, wherein the enzyme reaction 
layer comprises at least one kind of enzyme and at least one 
kind of electron-transfer mediator. 

4. The biosensor of claim 3, wherein the enzyme is an 
oxidoreductase, dehydrogenase, transferase, or hydrolase. 

5. The biosensor of claim 1, wherein the upper substrate 
has a line resistance of less than 3kS2/mm. 

6. The biosensor of claim 1, wherein the electrode formed 
on the lower Substrate is composed of carbon, graphite, plati 
num-carbon, silver, gold, palladium, or platinum. 

7. A biosensor measuring an analyte contained in a sample, 
comprising: 

an insulative lower substrate that has at least one electrode 
on which an enzyme reaction layer reacting with the 
analyte is formed; 

an upper Substrate that faces the lower Substrate and con 
sists of a conductive plate made of a conductive material, 
the upper Substrate having an air outlet; and 

an adhesive layer that has a sample feed with a predeter 
mined height on the enzyme reaction layer and attaches 
the upper and lower substrates to each other; 

wherein the sample is introduced to the enzyme reaction 
layer by virtue of capillary phenomenon, a reference 
electrode is formed on a lower side of an end of the upper 
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Substrate in which an electron-transfer mediator con- 10. The biosensor of claim 9, wherein the enzyme is an 
tained in the enzyme reaction layer is oxidized or oxidoreductase, dehydrogenase, transferase, or hydrolase. 
reduced, and the other end acts as an electrical contact 11. The biosensor of claim 7, wherein the upper substrate 
part that electrically contacts a measurement unit. has a line resistance of less than 3kS2/mm. 

8. The biosensor of claim 7, wherein the electrode formed 5 12. The biosensor of claim 7, wherein the electrodes 
on the lower side of the one end of the upper substrate faces formed on the lower and upper Substrates are composed of 
the electrode formed on the lower substrate. carbon, graphite, platinum-carbon, silver, gold, palladium, or 

9. The biosensor of claim 7, wherein the enzyme reaction platinum. 
layer comprises at least one kind of enzyme and at least one 
kind of electron-transfer mediator. k . . . . 


